at doses of 0.5-1.0 mg1kg i.p. produced an initial rise followed by a sustained fall in blood pressure. The initial pressor response became more marked and the onset of hypotensive effect was delayed as the dose was increased to large doses such as 10-50 mg/kg given intraperitoneally.
by a sustained fall in blood pressure.
The initial pressor response became more marked and the onset of hypotensive effect was delayed as the dose was increased to large doses such as 10-50 mg/kg given intraperitoneally.
The heart rate was markedly reduced soon after clonidine administration and the bradycardia lasted for more than 2 hours.
Both the initial pressor and subsequent hypotensive effects of clonidine were reduced by pretreatment with phentolamine, the initial pressor effects were sup pressed by propranolol which did not affect the hypotensive effects. This initial pressor effect was potentiated while the hypotensive effect was reduced after bilateral vagotomy and pretreatment with either 6-hydroxydopamine or atropine.
The bradycardia was significantly reduced by propranolol, atropine and bilateral vagotomy . Central sympathetic as well as parasympathetic mechanisms may be involved in cardiovascular changes after large doses of clonidine in urethanized mice.
Clonidine is a potent antihypertensive drug which produces a marked blood pressure fall and bradycardia when administered in microgram doses (1, 2) . It has been suggested that the hypotensive effect of clonidine is a result of the reduction of the central sympathetic tone as hypotension occurs when the drug is injected into either the cisterna magna or the lateral venticle in several animal species (3, 4, 5) , and that the site of central action of clonidine is located at the level of the medulla (6, 7, 8) . Furthermore, it has been reported that Clonidine has a direct stimulant action on the adrenergic a-receptor in peripheral smooth muscle (9, 10, 11) , and that the hypotensive effect is abolished by pretreatment with adrenergic (e-receptor blocking agents (12) . It has been proposed that the central hypotensive action of clonidine is the result of stimulation of the central noradrenaline receptor (13, 14, 15) .
On the other hand, Clonidine given intraperitoneally in large doses induces intense tremor and aggressive behavior although it causes sedation at low doses in mice (16) . The authors have also confirmed the same aggressive behavior as induced by clonidine and found that large doses of the drug induce automutilation in mice (17) . The biting behavior induced by Clonidine was found to be related to central noradrenergic as well as cholinergic mechanisms (18) .
To out knowledge there is no documentation concerning the cardiovascular changes induced by clonidine in mice especially when large doses are given. Effects of low doses of the drug have been extensively studied in many animal species except mice.
We therefore carried out experiments to determine the cardiovascular changes induced by large doses of clonidine and the influences of drugs related to adrenergic and cholinergic mechanisms.
Mice were used in the experiment in order to elucidate the neural mechanisms of the cardiovascular effect, in correlation with such a mechanism of aggressive behavior induced by large doses of clonidine.
MATERIALS AND METHODS
Mate ddN strain mice weighing 20-25 g were anesthetized with urethane 1.6 g/kg i.p. The results were statistically analyzed using Student's t-test.
RESULTS
Effects of clonidine on blood pressure and heart rate in mica
In urethanized mice, the blood pressure was about 100-105 mmHg and the heart rate about 700-800 beats/min. When clonidine was given to mice i.p. at doses of 0.5-1.0 mg/kg, carotid blood pressure was gradually lowered by 20-30 mmHg, after a temporary rise of 5-15 mmHg. The heart rate was markedly reduced by 40-400 beats/min. A re presentative result is shown in Fig. 1 . The effects of clonidine lasted for more than 2 hours, although the heart rate recovered faster than did the rate of blood pressure. With large doses such as 10-50 mg/kg i.p., the initial rise of blood pressure was more marked (25-30 mmHg), and was followed by a temporary fall and secondary rise in blood pressure particularly at a dose of 50 mg/kg i.p.. The onset of sustained hypotension was more delayed and that of bradycardia was more rapid as the dose of clonidine was increased heart rate, though both were insignificant. Phentolamine administered i.p. at a dose of 10 mg/kg 10 min before clonidine, significantly reduced both the initial rise and later sustained fall in blood pressure induced by clonidine, and increased the secondary blood pressure rise but produced no significant change in the bradycardia (Fig. 3) . 
Effect oJ' propranolol
Propranolol at a dose of 10 mg/kg i.p. produced a slight, temporary rise in blood pressure and decreased significantly the heart rate by 100-150 beats/min. When clonidine was administered i.p. 10 min after propranolol in a dose of 10 mg/kg i.p., the initial sharp pressor response and the secondary blood pressure rise was significantly reduced, but the sustained hypotensive effect was the same as the control. The bradycardia induced by clonidine was significantly reduced by propranolol (Fig. 4) .
Effect of 6-OHDA 6-OHDA caused no significant changes in blood pressure or heart rate of mice. The initial pressor response and bradycardia induced by clonidine remained unchanged but the sustained hypotensive effect was significantly reduced after pretreatment with 6-OHDA (50 Pg/animal, i. vent.) 7-10 days before clonidine administration (Fig. 5) .
Effect of atropine and bilateral t'ag otoni v
Although atropine (5 mg/kg i.p.) caused no significant change in either blood pressure or heart rate, the initial pressor response induced by clonidine was potentiated and prolonged, whereas the sustained hypotensive effect and bradycardia were markedly reduced by atropine administered 10 min before clonidine (Figs. 6, 7) . Bilateral vagotomy had almost the same influence as atropine on the effect of clonidine (Fig. 7) . A: the effect of atropine 5 mg/kg i.p. B: the effect of bilateral vagotomy.
DISCUSSION
Clonidine at large doses produced a sharp temporary rise followed by a marked sustained fall in blood pressure and a marked bradycardia in urethanized mice. This cardiovascular change induced by clonidine was qualitatively similar to that reported in other animal species such as rats, cats and rabbits in either conscious or anesthetized states (19, 20, 21, 22) .
However, when clonidine was given in the large dose of 50 mg; kg i.p., the initial pressor response was followed by a temporary fall and secondary rise in blood pressure which lasted for about 10 min prior to sustained hypotension.
The initial pressor response to large doses of clonidine appears to be due to a direct stimulation of adrenergic a-receptors of peripheral blood vessels, since the response was not altered after ablation of ce:itral catecholaminergic neurons induced by intraventricular injection of 6-OHDA and was reduced by systemic administration of phentolamine. Pro pranolol also partially reduced the initial pressor response to clonidine. Such is attributed to a nonspec: is membrane stabilizing action as seen with local anesthetics (23, 24, 25) . Both atropine and bilateral vagotomy potentiated the pressor response to clonidine and the relative dominancy of the sympathetic tone and a lack of reduction in cardiac output would explain this potentiation. The sharp fall in blood pressure following the initial pressor response observed with a dose of 50 mg/kg i.p. may be due to a baroreceptor reflex, while the secondary rise in blood pressure may be the result of a direct action of clonidine on the peripheral vascular muscle.
The sustained hypotensive effect of clonidine was significantly reduced by phentolamine but was not influenced by propranolol. As phentolamine is known to penetrate the blood brain barrier (26) , this result would support the hypothesis proposed by Schmitt et al. (19) that clonidine stimulates central adrenergic a-receptors. The hypotensive effect of clonidine was also reduced by intraventricular injection of 6-OHDA which is known to produce wide spread destruction of central noradrenergic neurons (27, 28) . It has been reported, however, that clonidine induces a dose-dependent fall in blood pressure when much lower doses are used in rats (I I) and cats (31) . The doses of clonidine we used here may be too large to cause the dose-dependent effect, i.e. the drug induced a maximum hypotension even at a dose of 0.5 mg/ kg i.p.
Clonidine caused marked bradycardia even during the period of initial pressor response.
The bradycardia would obviously be caused by an increase in vagal tone and a decrease in sympathetic tone resulting from the central action of clonidine.
